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(57) The present invention relates to a method for
manufacturing a laminated object (100). A foam core (1)
and a skin (6) are provided and the foam core (1) and
the skin (6) are arranged relative to each other. The skin
(6) is heated. The skin (6) is pierced by a vacuum appli-
cation device (10). Further, vacuum is applied via the
vacuum application device (10) so as to withdraw a gas-
eous medium, in particular air, from within the foam core

(1) and from a space or spaces between the foam core
(1) and the skin (6), in order to draw the skin (6) towards
the foam core (1). Furthermore, the invention provides a
manufacturing device (210) for manufacturing a laminat-
ed object (100), laminated objects (100) comprising a
foam core (1) and a skin (6), a method for producing
pallets comprising a foam core and a skin, as well as
pallets comprising a foam core (1) and a skin (6).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to the
manufacturing of laminated objects, to laminated objects
comprising a foam core and a skin, as well as to pallets
comprising a foam core and a skin, and to methods for
producing such pallets.

TECHNICAL BACKGROUND

[0002] Although the present invention may be useful
for improving laminated objects of various shapes, uses
and types, as well as corresponding manufacturing meth-
ods, the present invention and the underlying problem
will be explained in the following in greater detail with
regard to pallets, for example pallets such as are used
for transporting various goods, e.g. by truck, train, ship,
or aircraft, or other vehicles.
[0003] Pallets are used in almost every industry in
which goods must be transported. Generally, known pal-
let types can be made from corrugated paper, lumber,
engineered wood, plastic or metal.
[0004] Nowadays, wooden pallets are the most com-
mon type of pallet. However, wooden pallets have a
number of disadvantages. For example, pallets made of
wood are relatively heavy, and may be difficult to handle
due to their weight. Moreover, for example, regulations
governing wood intended for international use may re-
quire a special treatment of wood packaging materials,
such as pallets, for example by heat treatment or fumi-
gation. Such treatments are costly, may be undesirable
with regard to their environmental impact, and the treat-
ment by fumigation may hinder a reuse of the pallets.
Furthermore, wooden pallets may not be suitable for cer-
tain products, usually are not recyclable, and do not con-
tribute to climate protection.
[0005] The manufacturing of plastic pallets, however,
requires a significant investment in equipment and tool-
ing. The costs incurred for materials and production are
on average higher for conventional plastic pallets than
for lumber pallets.
[0006] Moreover, low performance plastic pallets can
have disadvantages such as restricted strength and ro-
bustness, too much weight, and an unfavorable cost-ben-
efit ratio.
[0007] It would be desirable to overcome at least some
of the disadvantages of conventional pallets mentioned
above.

SUMMARY OF THE INVENTION

[0008] In view of this, the problem to be solved by the
present invention is to provide an improved, cost-effec-
tive method for manufacturing a durable, light-weight ob-
ject, which in particular can be made from synthetic ma-
terials and in particular can be used as a pallet. Further,

the present invention aims at providing an improved man-
ufacturing device, and an improved method for producing
pallets. Moreover, it is an object of the present invention
to provide durable, lightweight and cost-effective objects
such as pallets, in particular.
[0009] According to the invention, this problem is
solved by a method having the features of claim 1 and/or
by a manufacturing device having the features of claim
12 and/or by a laminated object having the features of
claim 14 and/or by a laminated object having the features
of claim 15 and/or by a method having the features of
claim 16 and/or by a pallet having the features of claim
18 and/or by a pallet having the features of claim 20
and/or by a pallet having the features of claim 22.
[0010] Accordingly, the present invention provides a
method for manufacturing a laminated object, wherein
the method comprises steps of:

- providing a foam core and a skin, and arranging the
foam core and the skin relative to each other;

- heating the skin;
- piercing the skin by a vacuum application device; and
- applying vacuum via the vacuum application device

so as to remove a gaseous medium, in particular air,
from within the foam core and from a space or spaces
between the foam core and the skin, in order to draw
the skin towards the foam core.

[0011] In accordance with the present invention, there
is also provided a manufacturing device for manufactur-
ing a laminated object, in particular by performing such
a method. The manufacturing device comprises a sup-
porting arrangement adapted to support a foam core and
hold the foam core and portions of a skin in a predefined
position relative to each other. Furthermore, the manu-
facturing device comprises a heating arrangement for
heating the skin, and a vacuum application device adapt-
ed to pierce the skin and adapted for removing a gaseous
medium, in particular air, from within the foam core and
from a space or spaces between the foam core and the
skin via the vacuum application device.
[0012] The invention further proposes a first laminated
object comprising a foam core and a skin, the first lami-
nated object being manufactured by the method for man-
ufacturing a laminated object according to the invention.
[0013] Further, the invention proposes a second lam-
inated object comprising a foam core and a skin, wherein
the foam core is formed from a synthetic material and
the skin is formed from a synthetic material, wherein the
skin is thermoformed around the foam core so as to seal
the foam core within the skin such that an at least partial
vacuum is preserved within a space occupied by the foam
core and enclosed by the skin.
[0014] In addition, the present invention also provides
a method for producing pallets comprising at least one
foam core formed from a synthetic foam material and a
skin formed from a synthetic sheet material. The method
for producing pallets uses a production arrangement
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comprising at least one shape-molding device and at
least one laminating device, and the method comprises
steps of:

- shape-molding foam cores one after another using
the shape-molding device, and subsequently lami-
nating the sheet material to each foam core so as to
provide a laminated pallet or laminated pallet section
in which the foam core is covered by and connected
to the skin; and

- during ongoing production of consecutive pallets or
pallet sections, varying the density of the foam core
and/or varying the thickness of the sheet material
used to provide the skin and/or varying the compo-
sition of the sheet material, and thereby producing
pallets or pallet sections differing in core density
and/or in skin thickness and/or in skin composition.

[0015] A first pallet proposed by the present invention
comprises a foam core formed from a synthetic foam
material and a skin formed from a synthetic sheet mate-
rial, wherein the skin is connected to the foam core at
the surface thereof by fusion. The first pallet in particular
may be manufactured using a method for manufacturing
a laminated object as proposed by the invention.
[0016] A second pallet proposed by the present inven-
tion comprises a foam core formed from polystyrene
foam, in particular from expanded polystyrene, and a
thermoformed skin formed from a synthetic material and
connected to the foam core. The second pallet in partic-
ular may be manufactured using a method for manufac-
turing a laminated object as proposed by the invention.
[0017] A third pallet suggested by the present invention
comprises a foam core and a skin formed from a ther-
moformable sheet material, wherein the pallet is in par-
ticular manufactured using a method for manufacturing
a laminated object as proposed by the present invention.
The thermoformable sheet material comprises at least
one layer comprising acrylonitrile butadiene styrene.
[0018] Within the context of this application, the term
"skin" will be used for generally sheet-type, film-type, foil-
type or similar materials both in their state and shape in
which they are present in the final, finished product,
where the material may already have been deformed
and/or connected to another component, and in the initial,
possibly undeformed shape and/or unconnected state.
[0019] Moreover, within the context of the present ap-
plication, it should be understood that the term "vacuum"
is not restricted to a vacuum in the strict sense of com-
plete evacuation of a portion of space. Instead, within the
context of this application, the term "vacuum" refers in a
more general sense to a reduced, low pressure of desired
degree, as compared to the ambient air pressure, includ-
ing "light vacuum" as well as "strong vacuum".
[0020] An idea underlying the present invention is that
a laminated object, and in particular a pallet or a section
thereof, of significantly increased structural strength, du-

rability and life span, and highly resistant to damage by
impacts or rough handling, as well as of low weight, can
be obtained in a competitive manner and at low cost if a
heated skin, which may, for example, comprise heated
skin sheets for forming the skin, is pierced and is then
drawn towards the foam core by applying vacuum to an
interior of the foam core. In this manner, the need for
external female tools for forming the skin or skin sheets
is avoided. In this manner, the costs for tooling can be
reduced, and the complexity of the control of the process
can be lowered. Accordingly, the laminated object ob-
tained can be used as a competitive substitute for such
wooden transport pallets, for example euro-pallets made
of wood or wooden Dusseldorf-type pallets. In this way,
a substitute for wooden transport pallets, having very
good cost-benefit-ratio as well as having very good prop-
erties in terms of e. g. structural strength, durability, life
span, rigidity and weight can be provided, the empty
weight of which may, for example, correspond to only
approx. 25 percent of a comparable wooden pallet.
[0021] By applying vacuum to the inside of the foam
core and preserving an at least partial vacuum within the
space occupied by the foam core which is enclosed by
the skin, in particular by skin sheets joined to each other,
a stiff, pre-stressed structure of the laminated object can
be obtained. This makes such a laminated object partic-
ularly suitable for use as a transport pallet or a section
thereof, not only for lightweight goods, but also for heavy
duty. An very rigid construction is obtained by the simul-
taneous application of the skin to the foam core, the cre-
ation of an at least light vacuum inside the core, and in
particular the shrinking process of the skin as the skin
cools after its application to the core.
[0022] Another idea underlying the present invention
is that a very versatile production process capable of pro-
ducing pallets of a great variety, in particular with respect
to weight and/or load-carrying capacity of the pallet, can
be obtained if the foam core and the skin are each formed
from a synthetic material, and the density of the foam
core as well as the skin composition and/or thickness are
varied "on the fly", i.e. without stopping the production
arrangement, so that e.g. a range of pallets having dif-
ferent specification can be produced in a flexible manner
using one core design and one type of shape-molding
tool.
[0023] Moreover, it is an idea of the present invention
that a pallet having a foam core and a skin, both the foam
core and the skin each being formed from a respective
synthetic material, can be significantly improved in
strength, durability, life span and resistance to damage,
at an adequate low weight, if the skin is connected to the
foam core, at the surface of the foam core, by fusion. In
particular, polystyrene foam as material for forming the
core is advantageous for obtaining a lightweight pallet.
[0024] A further finding underlying the present inven-
tion is that a pallet of excellent strength and impact re-
sistance can be obtained if the pallet is provided with a
foam core and a skin and the thermoformable sheet ma-
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terial used to form the skin comprises at least a layer
comprising acrylonitrile butadiene styrene. In particular,
a food-safe pallet can also be obtained in this manner.
[0025] Advantageous improvements and develop-
ments of the invention are contained in the dependent
claims as well as in the description, which refers to the
figures of the drawings.
[0026] In particular, the foam core is formed from a
synthetic material and/or the skin is formed from a syn-
thetic material. Using synthetic materials, a light-weight
core can be provided, which helps to reduce the overall
weight of the laminated object, in particular the weight of
a pallet. Moreover, the use of synthetic materials for the
core and the skin contribute to obtaining a laminated ob-
ject that is not only robust and durable, as well as light-
weight, but also moisture-proof, safe, easy to clean and
washable, temperature-resistant, as well as resistant to
infestation, rusting, rotting and weathering. In particular,
such a laminated object may be suitable for being
cleaned using a pressure washer, steam cleaner or an-
other standard system, without requiring costly special
treatments like fumigation. This is especially useful if the
laminated object is a pallet or a section of a pallet. Fur-
thermore, laminated objects, in particular pallets, com-
prising a skin and core each made from a synthetic ma-
terial can be easily customized. For example, customized
design solutions are possible.
[0027] According to a development of the method and
manufacturing device for manufacturing a laminated ob-
ject, before the vacuum is applied, a portion of the vac-
uum application device is caused to penetrate through
the skin into the foam core in the piercing step. In this
manner, vacuum can be applied in an effective manner
to the interior of the foam core. In a development of the
manufacturing device, the vacuum application device is
configured such that a portion thereof can penetrate
through the skin into the foam core.
[0028] In accordance with a development of the meth-
od and manufacturing device for manufacturing a lami-
nated object, the vacuum application device comprises
a hollow needle, in particular a hypodermic needle, and
may in particular be formed as such a hollow needle. In
accordance with this development, the skin is pierced by
the hollow needle in the piercing step of the method, the
hollow needle of the manufacturing device being adapted
to pierce the skin. A hollow needle, and in particular a
hypodermic needle, is particularly suitable for piercing
the skin and applying vacuum, as it is sharp and leaves
only a small aperture in the skin after having been with-
drawn.
[0029] In a development of the manufacturing device,
the manufacturing device is configured such that the vac-
uum application device, in particular the needle, is mov-
able with respect to the foam core when the foam core
is supported by the supporting arrangement. According
to an example, the needle of the vacuum application de-
vice may be mounted onto a frame or other support which
is movable with respect to the supported foam core. In

this way, the piercing of the skin can be relatively easily
accomplished. In a development of the method for man-
ufacturing a laminated object, the skin may be pierced
by moving the vacuum application device relative to the
foam core.
[0030] According to a development of the method for
manufacturing a laminated object, in the step of piercing
the skin, a section of the skin is pressed against the foam
core by a sealing face surrounding the vacuum applica-
tion device. In a development of the manufacturing de-
vice, the vacuum application device is surrounded by a
sealing face adapted to press a section of the skin against
the foam core. In particular, the sealing face may sur-
round the hollow needle of the vacuum application de-
vice, in such a manner that a portion of the hollow needle
including the point thereof protrudes from the sealing
face. Pressing a section of the skin, in the proximity of
the location where the skin is pierced, against the foam
core avoids tearing of the heated skin as it is penetrated
by the sharp vacuum application device.
[0031] In a development of the method for manufac-
turing a laminated object, an aperture or apertures which
is/are created in the skin during the piercing step is or
are sealed after withdrawing the vacuum application de-
vice or the vacuum application devices, in particular after
withdrawing the needle or needles from the foam core.
In this development, the sealing step is performed in par-
ticular in such a manner that a vacuum is permanently
preserved within the foam core of the finished laminated
object. This may contribute to obtaining a pre-stressed
structure of the laminated object, making the laminated
object very rigid. Moreover, preserving a vacuum, for ex-
ample a light vacuum, inside the foam core improves the
insulation properties of the foam core even further. Such
a laminated object may, in accordance with an example,
be particularly suitable for use as a transport pallet for
cool room applications or a pallet section of such a pallet.
In this way, the pallet may then require much less energy
to cool to a cool room temperature than a wooden pallet.
The manufacturing device may, in an example, be adapt-
ed to perform sealing of the aperture or apertures. In
particular, in accordance with this development, the pro-
duction arrangement used for producing pallets may be
adapted to perform such sealing of the aperture or aper-
tures. In developments of the pallets and of the laminated
objects of the invention, the aperture(s) may be sealed.
[0032] According to a further development of the meth-
od for manufacturing a laminated object, the method in-
cludes thermoforming the skin by conforming the heated
skin at least in regions to the foam core, using the vacuum
that is applied via the vacuum application device. In this
way, the skin is formed to the desired shape in a relatively
simple manner without requiring expensive or complex
exterior female tools. In accordance with the correspond-
ing development of the manufacturing device, the device
is adapted to perform thermoforming of the skin. In the
pallets and laminated objects of the present invention,
the skin in particular is thermoformed.
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[0033] In accordance with a further development of the
method for manufacturing a laminated object, the heated
skin is drawn onto the foam core so as to contact the
surface of the foam core in the step of applying the vac-
uum. Further, in this development, the skin is connected
to the foam core by fusion, in particular by fusion of the
foam core in the region of the surface of the foam core.
In particular, the connection of the skin to the foam core
by fusion is accomplished using the residual heat in the
heated skin or heated skin portion or heated skin sheet,
i.e. using the heat that is retained in the skin or skin portion
or skin sheet after the heating step. A strong and durable
laminated object, having low weight, may in this way be
obtained in a relatively simple manner.
[0034] According to a further development of the meth-
od for manufacturing a laminated object, the step of pro-
viding the skin comprises providing at least two skin
sheets. Further, in this development, the arranging step
comprises arranging the foam core between the skin
sheets, and the step of piercing the skin comprises pierc-
ing at least one of the skin sheets by the vacuum appli-
cation device. In particular, the skin sheets may be a top
sheet and a bottom sheet positioned on the top side and
on the bottom side of the foam core, respectively. In this
way, both sides of the foam core can be laminated simul-
taneously in the same process. Such a process can also
be called a twin sheet process. In this manner, the foam
core can be completely sealed within the skin, whereby
a resistant, durable structure can be obtained. Further,
for example, in the interior of this structure, a light vacuum
can be preserved.
[0035] In accordance with a development of the meth-
od for manufacturing a laminated object, the skin sheets
are fusion-welded to each other in a peripheral region of
the foam core so as to tightly enclose the foam core. In
particular, the fusion welding of the sheets to each other
is accomplished using the vacuum applied via the vacu-
um application device. In this manner, it becomes pos-
sible to fully seal the foam core within the skin formed by
the skin sheets, in a comparatively simple manner and
without a need for complicated tools.
[0036] In particular, in a development of the method
for manufacturing a laminated object, the heating step is
carried out before performing the steps of piercing the
skin and of applying the vacuum.
[0037] In accordance with a further development of the
method for manufacturing a laminated object, the foam
core and the skin are arranged and the skin is heated in
such a manner that, before performing the step of pierc-
ing the skin, a portion of the skin just touches a region of
the foam core in which the skin is to be pierced in the
piercing step. In this way, it can for example be avoided
to excessively stretch the skin in the piercing step. In a
further development, the manufacturing device is adapt-
ed accordingly.
[0038] In a development of the manufacturing device
for manufacturing a laminated object, the supporting ar-
rangement comprises at least one retractable support

pin for supporting the foam core. In a corresponding de-
velopment of the method for manufacturing a laminated
object, the foam core is supported using at least one re-
tractable support pin. In this way, the foam core can be
supported, in particular between two skin sheets, for lam-
inating the core while avoiding as far as possible to in-
terfere with the process of drawing the skin towards the
foam core.
[0039] In a preferred development of the manufactur-
ing device, the support pin is movably mounted in a bar
element. The bar element and the support pin are ar-
ranged in such a manner that, during application of the
vacuum, portions of the skin sheets can be drawn against
the bar element from opposite sites thereof, and the sup-
port pin can be retracted from the core when portions of
the skin sheets have reached the bar element. In accord-
ance with a development of the method for manufacturing
a laminated object, the support pin being movably mount-
ed in the bar element, the skin sheets are drawn towards
the bar element during application of the vacuum, and
the support pin is retracted away from the foam core after
the skin sheets have reached the bar element.
[0040] In a further development of the method for man-
ufacturing a laminated object, the application of vacuum
via the vacuum application device is continued until the
sheets have been drawn towards each other in a periph-
eral region of the foam core and have been welded so
as to connect the sheets to one another in this region. In
this manner, the support pins interfere as little as possible
with the connection of the skin sheets in the peripheral
region of the foam core, and a clean and faultless weld
is established.
[0041] In accordance with a development of the man-
ufacturing device, the supporting arrangement is con-
structed such that the portions of the skin and portions
of the supporting arrangement in cooperation can tem-
porarily form an enclosure around the foam core, wherein
the enclosure is sealed with the exception of at least one
vent provided in the supporting arrangement. In this de-
velopment, the at least one vent is configured to allow
outflow of a gaseous medium, in particular air, from the
interior of the enclosure. In this manner, the gaseous
medium, in particular air, can be naturally exhausted from
the space between the skin portions or sheets while the
skin is heated. In the development of the method for man-
ufacturing a laminated body, a gaseous medium, in par-
ticular air, is enabled to be exhausted from the interior of
an enclosure formed around the foam core by portions
of the skin and portions of a supporting arrangement for
supporting the foam core, in particular during the step of
heating the skin, more preferably during the steps of heat-
ing and of applying the vacuum via the vacuum applica-
tion device. With this development, a pressure buildup
due to heating the skin between portions or sheets of the
skin can be avoided, and the vent can contribute to ex-
hausting air within the enclosure in order to be able to
rapidly draw the skin towards the foam core. Rapidly
drawing the skin towards the foam core, in turn, in par-
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ticular may contribute to establishing an efficient connec-
tion of the skin and the foam core by fusion, as there is
in this case little loss of retained heat.
[0042] In particular, in a development, the vent remains
open during the step of applying the vacuum.
[0043] In a further development of the method for man-
ufacturing a laminated object, the step of applying vac-
uum via the vacuum application device is followed by a
cooling step. In a corresponding development of the man-
ufacturing device, the manufacturing device further com-
prises a cooling device, the cooling device in particular
comprising at least one fan which can be controlled with
respect to flow rate and/or rotational speed and/or time
of operation.
[0044] In a further development of the method for man-
ufacturing a laminated object, the skin, in particular the
skin sheets, is or are caused to shrink during the step of
cooling. This contributes to obtaining a laminated object
which forms a pre-stressed structure, which can advan-
tageously be used as a pallet or pallet section of high
structural strength, improved durability and life span, high
rigidity and low weight.
[0045] In accordance with a development of the meth-
od for manufacturing a laminated object, the laminated
object is a pallet or a pallet section, in particular a twin
sheet pallet or a twin sheet pallet section. In accordance
with a development of the manufacturing device, the
manufacturing device is adapted for manufacturing a pal-
let or a pallet section as a laminated object, in particular
a twin sheet pallet or a twin sheet pallet section.
[0046] In accordance with developments of the lami-
nated objects of the present invention, the laminated ob-
ject is a pallet or a pallet section. In accordance with a
further development, each of the laminated objects of the
present invention may be a twin sheet laminated object,
in particular a twin sheet pallet or a twin sheet pallet sec-
tion.
[0047] In a preferred development of the method for
manufacturing a laminated object, the foam core com-
prises legs protruding from one side of the foam core,
wherein in accordance with this development, the skin is
pierced in the piercing step by the vacuum application
device in the region of one or more of the legs. In this
way, the laminated object can in particular form a pallet
section of a double-sided pallet which is formed from two
pallet sections. Accomplishing the piercing by piercing
the skin in the region of the legs allows to seal an aperture
or apertures created by the vacuum application device
or vacuum application devices in the piercing step by
connecting respective legs or feet of two pallet sections
to each other.
[0048] According to a development of the present in-
vention, the foam core is formed with a polystyrene foam,
the foam core preferably being formed with expanded
polystyrene (which may also be designated as EPS). The
use of polystyrene foam, in particular expanded polysty-
rene (or EPS), for the foam core makes it possible to
provide an especially lightweight laminated object, which

is particularly advantageous for producing lightweight
transport pallets. Additionally, the use of polystyrene
foam for the foam core is further advantageous if the
laminated object is a pallet or a pallet section, as the use
of polystyrene foam contributes to the pallet being food
safe, avoiding contamination of foodstuffs. Also, such a
foam core contributes to advantageous insulating prop-
erties of the laminated object. This can be useful if the
laminated object is a pallet for transporting temperature-
sensitive goods, or a pallet section thereof. In addition,
the use of a polystyrene foam core contributes to a good
recyclability of the laminated object.
[0049] In accordance with a further development of the
invention, the foam core is shape-molded from pre-ex-
panded beads. In accordance with this development, the
fusion level of the beads obtained during the shape-mold-
ing is smaller than 100 percent. Preferably, the fusion
level is between approximately 70 percent and approxi-
mately 90 percent, more preferably between approxi-
mately 75 percent and approximately 85 percent. Even
more preferably, the fusion level of the beads corre-
sponds to substantially 80 percent.
[0050] The fusion level obtained can be established by
breaking a sample of foam used for the foam core and
inspecting the surface of the break through the material.
A fusion level of 100 percent would be present if all beads
along the break had broken through themselves, with the
rupture line running through the beads. A lower fusion
level will be present if at least a portion of the beads
separate from each other along their surfaces, while
these beats themselves remain intact along the break. A
fusion level of between 70 percent and 90 percent, pref-
erably between 75 percent and 85 percent, more prefer-
ably 80 percent, has the advantage that air can flow to a
certain extent through the foam core. The fusion thus
influences the air permeability of the foam core. Selecting
the fusion level in such a manner that airflow is possible
to a desired extent through the foam core makes it pos-
sible to relatively quickly draw the skin towards the foam
core, whereby excessive cooling of the heated skin be-
fore contact with the foam core can be avoided and an
appropriate fusion between the skin and the core for con-
necting both can be ensured.
[0051] In accordance with a further development of the
invention, the expanded polystyrene used for forming the
foam core preferably is a very low pentane grade of ex-
panded polystyrene, which, in particular, does not require
ageing. If the need for ageing of the EPS beads is avoid-
ed, significant savings in storage costs can be obtained,
and the manufacturing cycle time can be reduced. How-
ever, the invention is not restricted to the use of such a
very low pentane grade of expanded polystyrene.
[0052] In developments of the invention, the density of
the foam core may be varied according to the strength
and/or load-carrying capacity of the laminated object to
be obtained. For example, an expanded polystyrene
foam core of high density may be chosen, in particular
for pallets for repeated use and/or for heavy duty.
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[0053] Preferably, the foam core is shape-molded to a
desired core shape.
[0054] In accordance with a development of the inven-
tion, the skin, in particular the skin sheets, is or are formed
with a thermoformable synthetic material, in particular a
thermoplastic synthetic material. This contributes to ob-
taining a lightweight, hygienic, moisture-proof, safe,
washable and versatile laminated object, in particular pal-
let or pallet section. Such a skin also avoids rusting or
rotting of the laminated object.
[0055] In accordance with a further development of the
methods, the manufacturing device, the laminated ob-
jects and the first and second pallets of the invention, the
skin comprises at least one layer which comprises acry-
lonitrile butadiene styrene. Such a layer contributes to
increased strength and increased impact resistance of
the laminated body, in particular the pallet or pallet sec-
tion, improving the resistance and durability of the lami-
nated object.
[0056] In accordance with a further development of the
present invention, the skin, and in particular a thermofor-
mable sheet material from which the skin is formed, com-
prises at least one layer which comprises acrylonitrile
styrene acrylate. Such a layer provides the skin with
strength, impact resistance and UV stability, and there-
fore also contributes to the resistance, strength and du-
rability of a pallet or pallet section formed by the laminated
object.
[0057] In accordance with a preferred development,
the skin, and in particular a thermoformable sheet mate-
rial from which the skin is formed, comprises a layered
arrangement of several layers. The skin may be made
from such a thermoformable sheet material, produced,
for example, by multiple layer extrusion.
[0058] In particular, in accordance with a development
of the invention, the layered arrangement includes a first
layer comprising acrylonitrile styrene acrylate, a second
layer comprising acrylonitrile butadiene styrene and a
third layer comprising acrylonitrile styrene acrylate and
acrylonitrile butadiene styrene. In this arrangement, in a
preferred variant, the first layer may be an outside layer,
the second layer may be a middle layer, and the third
layer may be an inside layer. In accordance with a de-
velopment, therefore, the second layer is arranged be-
tween the first and third layers and the third layer faces
the foam core. In this case, a high performance skin is
obtained. The first skin provides strength, impact resist-
ance and UV stability. The second layer provides in-
creased strength and increased impact resistance. The
third layer provides adequate capability of connecting to
the foam core, in particular to a foam core made from
polystyrene foam, such as expanded polystyrene. Such
a skin is also food-safe.
[0059] In accordance with a preferred development of
the invention, the first layer is made of virgin acrylonitrile
styrene acrylate (which may also be designated as virgin
ASA), the second layer is made of virgin acrylonitrile buta-
diene styrene (which may also be designated as virgin

ABS), and the third layer is made of a combination of
acrylonitrile styrene acrylate and acrylonitrile butadiene
styrene. Preferably, approximately 10 % of the third layer
by mass are formed from acrylonitrile butadiene styrene,
while the rest of the third layer is formed from acrylonitrile
styrene acrylate.
[0060] In this way, a high performance skin is obtained
which contributes to obtaining a strong, moisture-proof,
impact-resistant, hygienic, safe, shock-absorbent, tem-
perature-resistant and UV-proof laminated object which
can be easily cleaned, is immune to infestation, does not
need costly heat treatment or fumigation, resists rusting,
rotting and weathering. Such a skin also contributes to a
good recyclability of the laminated object. This is partic-
ularly advantageous if the laminated object is a pallet or
a pallet section.
[0061] In an improvement of the present invention, an
RFID transponder (radio frequency identification trans-
ponder) may be integrated into the laminated object, in
particular into the pallet or pallet section. This makes it
possible to easily track the laminated object, in particular
the pallet or pallet section, using radio frequency identi-
fication technology. RFID technology known as such to
the skilled person may be employed for this purpose.
[0062] In an improvement of the invention, the RFID
transponder may be integrated into the foam core. This
may be done, for example, during shape-molding of the
foam core. The RFID transponder may be located at any
suitable location within the foam core.
[0063] In accordance with a development of the meth-
od for producing pallets, the laminating step of the meth-
od is carried out by performing the method for manufac-
turing a laminated object of the present invention, where-
in the laminated object is the laminated pallet or laminat-
ed pallet section. The developments and improvements
set forth herein may accordingly apply to the method for
producing pallets.
[0064] In accordance with a further development, the
method for producing pallets includes a step of welding
two pallet sections, each comprising a foam core en-
closed by a skin, to each other in order to form a pallet.
In such a manner, a particularly resistant, strong and du-
rable pallet can be obtained.
[0065] According to a further development of the in-
vention, each of the pallet sections comprises legs ex-
tending from one side of the pallet section, wherein the
welding of the pallet sections to each other takes place
in the region of the legs.
[0066] According to a development, the method for
producing pallets is used to produce single-sided pallets
or double-sided pallets. The pallets of the present inven-
tion may be single-sided or double-sided, wherein dou-
ble-sided pallets comprise at least two sections welded
to each other. In particular, each of the sections may be
formed as a twin sheet laminated pallet section.
[0067] The pallets of the present invention may advan-
tageously be equipped as a finished display for retail, for
example by selecting an appropriate design, in particular
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by the choice of the color or printing of the skin, by labeling
using printing or relief, and so on. Such a pallet is very
versatile and can advantageously be used by the retailer
as it is, without need for covering or concealing the pallet
for aesthetic reasons.
[0068] The pallets of the present invention may, in ex-
amplary developments of the invention, have a carrying
capacity of between approximately 30 kg and approxi-
mately 3000 kg. Moreover, in examples, the weight of an
empty pallet according to the invention may be between
approximately 3 kg and approximately 15 kg.
[0069] The size of the pallet of the present invention in
its principal plane of extension may, for example, be se-
lected such that the pallet is up to approximately 1200
mm in length and up to approximately 1200 mm in width.
[0070] However, it should be understood that the pal-
lets of the present invention are not limited to these rang-
es of carrying capacity, weight and/or size, and that other
values depending on the particular application may be
chosen as desired.
[0071] The pallets of the present invention may advan-
tageously be used as transport pallets, for example for
transporting various types of goods. Examples of goods
that might be transported using the pallets of the present
invention include foodstuffs, beverages, airfreight, prod-
ucts in the automobile industry, products involving strict
hygienic requirements, pharmaceutical products, or elec-
tronic products. However, the pallets of the present in-
vention are not restricted to be used for transporting
goods of the afore-mentioned types, and their use in
transport of various other goods is contemplated. The
pallets could be pool-type pallets, for example.
[0072] The developments and improvements de-
scribed above can each be applied to the method for
manufacturing a laminated object, to the manufacturing
device, as well as to the laminated objects, to the pallets
and to the method for producing pallets according to the
present invention.
[0073] The developments, improvements and en-
hancements described above may be arbitrarily com-
bined with each other whenever this makes sense. More-
over, other possible developments, enhancements and
implementations of the invention comprise combinations
or features of the invention which have been described
above or will be described in the following in relation to
the detailed description of the embodiments, even where
such a combination has not been expressly mentioned.

BRIEF DESCRIPTION OF THE DRAWINGS

[0074] The invention will be explained in the following
with reference to the schematic figures of the drawings,
which illustrate embodiments of the invention, wherein:

Figure 1 displays in schematic manner a
foam core, skin sheets as well as
components of a manufacturing de-
vice, for manufacturing a laminated

object, in accordance with an em-
bodiment of the present invention,
in a first state;

Figure 2 shows details of the foam core as
well as of components of the man-
ufacturing device in accordance
with the embodiment of Figure 1;

Figure 3 shows details of the foam core and
components of the manufacturing
device and of the skin sheets in ac-
cordance with the embodiment of
Figure 1, in the state of Figure 1;

Figure 4 shows the details of the foam core,
skin sheets and components of Fig-
ure 3, but in a second state during
a manufacturing process;

Figure 5 shows the details of the foam core,
the skin sheets and the components
of Figure 3 in a further, third state
during the manufacturing process;

Figure 6 shows the details of the foam core,
the skin sheets and the components
of Figure 3 in a still further, fourth
state during the manufacturing
process in which an upper skin
sheet has been pierced and vacu-
um is being applied;

Figure 7 shows the details of the foam core,
the skin sheets and the components
of Figure 3 in a still further, fifth state
during the manufacturing process,
in which application of vacuum is
continued and the skin sheets have
partially been drawn against a bar
element supporting a support pin;

Figure 8 shows the details of the foam core,
the skin sheets and the components
of Figure 3 in a still further, sixth
state during the manufacturing
process, in which the support pin
has been retracted and the skin
sheets have been welded to each
other;

Figure 8A shows a portion of a laminated ob-
ject obtained by performing the
process of Figs. 1-8, after trimming;

Figures 9 and 10 schematically illustrate the manner
according to which a fusion level of
beads used to mold a foam core
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may be determined;

Figure 11 schematically illustrates various fu-
sion levels in exemplary manner;

Figure 12 illustrates a single-side pallet of a
first type, in accordance with an em-
bodiment of the invention;

Figure 13 illustrates a single-sided pallet of a
second type in accordance with a
further embodiment of the inven-
tion;

Figure 14 illustrates a double-sided pallet of a
further type, in accordance with a
still further embodiment of the in-
vention;

Figure 15 illustrates another type of double-sided pal-
let in accordance with a still further embod-
iment of the invention;

Figure 16 displays, in sectional view, a layered ar-
rangement of a thermoformable sheet ma-
terial which is used for the skin in accord-
ance with an embodiment of the present in-
vention;

Figure 17 illustrates a production line for producing
pallets, according to an embodiment;

Figure 18 illustrates the production line of Figure 17
in plan view;

Figure 19 schematically illustrates steps of a method
for manufacturing a laminated object;

Figure 20 schematically illustrates steps of a method
for producing pallets;

Figure 21 schematically illustrates a laminating de-
vice for use in embodiments of the inven-
tion;

Figure 22 illustrates a welding station for the produc-
tion line of Figure 17, during heating of pallet
sections for welding them; and

Figure 23 illustrates the welding station of Figure 22
in a subsequent step, during which the pal-
let sections are pressed onto each other for
connecting them by welding.

[0075] The enclosed drawings are intended to illustrate
embodiments of the invention, so that the invention may
be further understood. The drawings, in conjunction with
the description, are intended to explain concepts and

principles of the invention. Other embodiments and many
of the advantages described may be inferred from the
drawings. Elements of the drawings are not necessarily
drawn to scale.
[0076] Elements, features and components which are
identical or which have the same function or effect have
been labeled in the drawings using the same reference
signs, except where explicitly stated otherwise.

DETAILED DESCRIPTION OF EMBODIMENTS

[0077] Figures 1-8A and 19 illustrate a method for man-
ufacturing a laminated object in accordance with an em-
bodiment of the invention. Figure 1 shows a sectional
view taken through a foam core 1, an upper or top skin
sheet 3, a lower or bottom skin sheet 4, vacuum appli-
cation devices 10, as well as a bottom clamp frame 15,
a mid frame 19, and a top clamp frame 21. Figure 1 also
shows, in sectional view, bar elements 28, retractable
support pins 31, sealing faces 36 surrounding each of
the vacuum application devices 10, and vents 45.
[0078] Further, in Figure 1, reference sign 2 is used to
denote spaces between the foam core 1, the skin sheets
3 and 4 and the mid frame 19. In accordance with the
embodiment displayed in Figure 1, the foam core 1 is
shaped in such a manner that it comprises protrusions
or legs 91 extending from one side of the foam core 1,
in the case of Figure 1 from the upper side of the foam
core 1.
[0079] The method illustrated in Figures 1-8A and 19
is a method for manufacturing a laminated object, where-
in the laminated object is a twin sheet pallet or a twin
sheet pallet section. The materials used to form the foam
core 1 and the skin sheets 3 and 4 are synthetic materials,
as will be described in more detail below. The pallet or
pallet section to be manufactured may accordingly be
referred to as a composite plastic pallet or composite
plastic pallet section, respectively.
[0080] Referring to Figure 1, the elements and com-
ponents of the manufacturing device used to manufac-
ture the laminated object will be described in more detail.
[0081] The vacuum application device 10 is configured
such that it is adapted to pierce the upper skin sheet 3
during manufacturing the laminated object. In the em-
bodiment of Figures 1-8A, the vacuum application device
10 comprises a hollow hypodermic needle, in particular
a large hypodermic needle, designated in the Figures by
reference numeral 11. The needle 11 can also be referred
to as a vacuum needle.
[0082] A manufacturing device in accordance with Fig-
ures 1-8A comprises a plurality of hypodermic needles
11, which are mounted on a top vertically moving frame,
i.e. a frame movable along the vertical direction V in Fig-
ure 1. The top vertically moving frame is not displayed in
Figures 1-8A for the sake of greater clarity, but is sche-
matically shown in Figure 21, where it is designated by
reference sign 24. The sharp points of the vacuum nee-
dles 11 face the upper skin sheet 3 in order to perform
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the piercing operation, as will be described.
[0083] Each of the needles 11 is surrounded by a nee-
dle surrounding component 35 which comprises the flat
sealing face 36 on the side thereof facing the upper skin
sheet 3. A portion of the needle 11 protrudes from the
sealing face 36, and the needle 11 extends through the
needle surrounding component 35. On the ends distant
from the needle point and the skin sheet 3, each of the
needles 11 of the vacuum application device 10 is con-
nected to a vacuum source or low pressure source using
suitable devices known as such to the person having skill
in the art, which may include, but are not limited to suitable
tubing, piping, control devices like valves and so on,
which are not displayed in Figures 1-8A.
[0084] The sealing face 36 surrounding the vacuum
application device 10, and in particular the needle 11
thereof, supports the needle 11. The sealing face 36 is
adapted to trap and press the skin sheet 3 in a heated
state against the foam core 1 in order to ensure that the
upper skin sheet 3 does not tear when pierced.
[0085] Further referring to Figure 1, the bottom clamp
frame 15, the mid frame 19 and the top clamp frame 21
are provided for clamping the lower skin sheet 4 and the
upper skin sheet 3 in the desired relative positions thereof
with respect to each other and with respect to the foam
core 1. In particular, the top clamp frame 21 of Figure 1
is a vertically moving frame, movable along the vertical
direction V, which is adapted to provide the force for keep-
ing the upper and lower skin sheets 3 and 4 locked in
place during the manufacturing cycle. The mid frame 19
separates the upper and lower skin sheets 3 and 4, re-
spectively, in order to provide an area sufficient to ac-
commodate and locate the foam core 1. Figure 1 shows
that the mid frame 19 carries the bar elements 28 in such
a manner that the bar elements 28 are movable along
the horizontal direction H, perpendicular to direction V.
The bar elements 28 may for example be blade-shaped.
[0086] Within each of the bar elements 28, support pins
31 are mounted so as to be slidably movable along the
horizontal direction H as well, between an outer open
position and an inner closed position. In Figure 1, the
support pins 31 are shown in their closed position, where
they grip the foam core 1 in order to support the foam
core 1 and hold the foam core 1 in a predefined position
relative to the skin sheets 3 and 4.
[0087] In Figure 1, two sections of the mid frame, on
the left and on the right of the foam core 1 displayed in
Figure 1, are shown in cross-sectional view. The other
two sections 19c, 19d, only schematically indicated in
Figure 2, extend substantially perpendicularly to the sec-
tions 19a and 19b of the mid frame 19, so as to form a
rectangle-shaped mid frame 19, when viewed in plan
view. The sections 19a-19b of the mid frame 19 are
adapted to move inwards and outwards along the hori-
zontal direction H in order to facilitate the removal of fin-
ished laminated objects. The sections 19c-19d may be
movable horizontally, substantially perpendicular to di-
rection H. For the same purpose, the mid frame 19 is

also adapted and configured to perform movement along
the vertical direction V.
[0088] The bottom clamp frame 15, the mid frame 19
and the top clamp frame 21 as well as the bar elements
28 with the support pins 31 in cooperation form a sup-
porting arrangement 33 adapted to support the foam core
1 and hold it as well as portions of a skin 6, formed in the
embodiment of Figures 1-8A by the upper and lower skin
sheets 3 and 4, in a predefined position relative to each
other. However, the bar element 28 also forms a barrier
between the upper skin sheet 3 and the lower skin sheet
4, and helps to direct the sheets 3 and 4 into their correct
weld position. The movement of the bar elements 28
along the horizontal direction H, inwards and outwards,
illustrated by arrow P28 in Fig. 2, facilitates removal of
the finished laminated object.
[0089] In the embodiment of Figures 1-8A, the vents
45 allow for the natural exhausting of air from between
the upper skin sheet 3 and the lower skin sheet 4 when
heating of the sheets 3 and 4 is performed. In the em-
bodiment of Figures 1-8A, the vent 45 is kept open during
the entire manufacturing cycle.
[0090] Referring now to Figure 2, this figure shows
components of the supporting arrangement 33, as well
as a vacuum application device 10, one of the vents 45,
and a portion of the foam core 1, in greater detail. It may
be appreciated that the vent 45 is located in close prox-
imity to the bar element 28. Also shown in Figure 2 are
a first face 1 a and a second face 1 b of the foam core
1, wherein the first face 1 a is directed towards the vac-
uum application device 10 and thus towards the upper
skin sheet 3, not shown in Figure 2, whereas the second
face 1 b is arranged on a side opposite to the first face
1 a, and is oriented towards the lower skin sheet 4, equally
not shown in Figure 2.
[0091] The method for manufacturing a laminated ob-
ject, in particular a pallet or pallet section, will now be
described with the aid of Figures 3-8. A schematic dia-
gram illustrating the method according to the embodi-
ment is provided in Figure 19.
[0092] At the start of the cycle - this state not being
shown in the figures -, the top vertically moving frame 24
carrying the vacuum application devices 10 with the nee-
dles 11 - which may also be called a piercing frame - is
in its uppermost vertical position. Also, the top clamp
frame 21 is located in its uppermost vertical position. The
mid frame sections 19a-19d are located in an open po-
sition, moved horizontally outward with respect to their
position shown in Figure 1, and moved vertically upward,
i.e. raised with respect to the position shown in Figure 1.
[0093] With respect to the configuration shown in Fig-
ure 1, the support pins 31 are, at the start of the cycle,
retracted into their open position, i.e. retracted backward
into the bar elements 28. Further, with respect to the con-
figuration of Figure 1, the bar elements 28 are each re-
tracted as well into an outward, open position. Suitable
top and bottom heating devices 41, 42 may already be
activated at the start of the cycle, but are in a retracted
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position, see Fig. 21, so as not to act upon the area de-
fined by the frames 15, 19, 21 in this step. The movable
heating devices 41 and 42 form part of a heating arrange-
ment 43.
[0094] A portion of a suitable synthetic thermoformable
sheet material, forming a lower skin sheet 4, is picked up
from a suitable preparation or storage space by a sheet
loading device, not shown in Figures 1-8A, transported
and then laid down or dropped onto the bottom clamp
frame 15. The sheet loading device may then move out
from between the frames and pick up another sheet.
[0095] Then, the mid clamp frame 19 moves into its
closed position, i.e. the mid clamp frame sections 19a-d
move into their closed positions, in order to lock the bot-
tom skin sheet 4 in place. The bottom sheet 4 is thus
clamped between the bottom clamp frame 15 and mid
frame 19.
[0096] Then, the bar elements 28 move inward along
the horizontal direction H into their closed position, a core
loading device, not shown in the figures, transports a pre-
positioned foam core 1 into the pickup area of the mid
frame 19, and then, the support pins 31 move forward,
in other words, inward along the horizontal direction H,
and grip the foam core 1 in order to support it. The core
loading device, not shown, may then move out of the
area of the frames 15, 19, 21 in order to collect another
foam core 1 for the next manufacturing cycle.
[0097] Then, the sheet loading device, already referred
to, lays down a second portion of a synthetic thermofor-
mable sheet material, which forms the upper skin sheet
3, onto the top face of the mid clamp frame 19.
[0098] Subsequently, the top clamp frame 21 moves
downwards and clamps the upper skin sheet 3 against
the mid frame 19, whereby the whole assembly of frames
15, 19 and skin sheets 3, 4 is clamped.
[0099] This is the state of the skin sheets 3 and 4, of
the foam core 1 arranged between the skin sheets 3 and
4, and of the supporting arrangement 33 of the manufac-
turing device, displayed in Figs. 1 and 3.
[0100] In this initial state, the foam core 1 and the skin
6, comprising the skin sheets 3 and 4, are arranged rel-
ative to each other. In Figure 19, providing the foam core
1 and the skin sheets 3 and 4 and arranging them relative
to each other as well as clamping and supporting them,
as described above, are summarized in a preparation
step S0.
[0101] Now, in a next method step, the skin 6, i.e. the
upper skin sheet 3 and the lower skin sheet 4, is heated.
For this purpose, the heating devices 41 and 42, which
had been in retracted position up to this moment, move
over the upper skin sheet 3 and below the lower skin
sheet 4, and start to heat the skin sheets 3 and 4. See
the dotted lines in Fig. 21 as well as the arrows P41 and
P42, which illustrate the working position of the heating
devices 41, 42 in this step, as well as their movement.
[0102] Due to the heating, the skin sheets 3 and 4 each
soften and sag to some degree, see Figure 4. When the
skin sheets 3 and 4 have reached their target tempera-

ture, the top skin sheet 3 preferably should just be touch-
ing the upward-oriented faces 1 a of each of the legs 91
of the foam core 1. This state is displayed in Fig. 5. The
heating step is denoted, in Figure 19, by S1.
[0103] In a further step, the top vertically moving frame
24 (see Fig. 21) carrying the vacuum application devices
10 is moved downward. By using a top vertically moving
frame 24, the vacuum application device 10 with the nee-
dles 11 and the sealing faces 36 is movable with respect
to the foam core 1 as it is held and supported by the
supporting arrangement 33, namely gripped by the sup-
port pins 31.
[0104] By the downward movement of the frame 24,
the sealing faces 36 are firmly pressed down onto the
sheet 3 which touches the first face 1 a of the foam core
1, and during this operation, the front portion 12 including
the needle point of each needle 11 is embedded in the
foam core 1. This means that the portion 12 of the needle
11 of each vacuum application device 10 is caused to
pierce the skin 6, namely the upper skin sheet 3, and is
caused to penetrate through the skin 6 into the foam core
1. The piercing step is denoted by S2 in Figure 19. Figure
6 shows how a section 3a of the skin 6, in the case of
this embodiment of the upper skin sheet 3, is pressed
against the foam core 1 by the sealing face 36 surround-
ing the vacuum application device 10. In the region of
each leg 91 of the foam core 1, the skin sheet 3 is thus
pierced by one of the needles 11. The section 3a already
touches the first face 1 a of the foam core 1 before this
section 3a of skin sheet 3 is pierced.
[0105] In the piercing step S2, the needles 11 create,
due to their sharpness, only small apertures 55 or holes
in the upper skin sheet 3, see Figures 7 and 8.
[0106] Once the needles 11 are embedded into the
foam core 1, the method for manufacturing a laminated
object proceeds to step S3, see Figure 19. In step S3,
vacuum is applied via the vacuum application device 10
so as to remove air that is present inside the foam core
1 and in the space 2 or spaces 2 between the skin sheets
3 and 4, the foam core 1 as well as the sections of the
mid frame 19, from within the foam core 1 and the space
or spaces 2. The air is removed through the vacuum nee-
dle 11 using a device, not shown, creating the vacuum -
e.g. a suitable pump device - by means of suitable tubing
or piping, not shown in the figures. Due to the application
of vacuum, the skin 6 composed of the upper skin sheet
3 and the lower skin sheet 4 is drawn towards the foam
core 1, whereby the skin sheets 3 and 4 and thus the
skin 6 are/is thermoformed by conforming the heated skin
sheets 3 and 4 at least in regions thereof to the foam
core 1, using the vacuum.
[0107] Figure 1 also shows that the supporting ar-
rangement 33 including the mid frame 19 is constructed
such that the skin sheets 3 and 4, in other words, portions
of the skin 6, as well as portions of the supporting ar-
rangement 33, in case of the embodiment of Figures 1-8A
the mid frame sections 19a-d, in cooperation temporarily
form an enclosure around the foam core 1. This enclosure
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is sealed with the exception of the vents 45, which are
provided in the mid frame 19 and which enable outflow
of air from the interior of the enclosure, namely, from the
interior of the space defined by the mid frame sections
19a-d, the foam core 1, as well as the upper and lower
skin sheets 3 and 4. The outflow of air through one of the
vents 45 is denoted by reference signs 46 in Figures 5-8.
The vents 45 remain open during the application of the
vacuum. Outflow 46 of air through the vents 45 during
the heating and the application of vacuum avoids pres-
sure buildups in the enclosed space between the sheets
3, 4 and the core 1, and enables rapid thermoforming of
the skin 6 onto the foam core 1.
[0108] During the thermoforming of the skin 6, the heat-
ed skin 6 comprising the skin sheets 3 and 4 is drawn
onto the foam core 1 in such a manner as to contact the
surface of the foam core 1, whereby the skin 6 is reliably
connected to the foam core 1 by fusion. The residual heat
contained in the heated skin sheets 3 and 4 is sufficient,
in accordance with the embodiment of Figures 1-8A of
the present invention, to melt the material of the foam
core 1 on the surface thereof to a defined extent, whereby
a fusion weld between the skin 6 and the foam core 1 is
accomplished. In order to avoid that the connection by
fusion welding along the surface of the foam core 1 be-
comes unreliable, the upper and lower skin sheets 3 and
4, respectively, should be drawn against the foam core
1 with sufficient speed, which can be accomplished by
the vacuum applied via the vacuum application device
10 in combination with a suitably chosen foam core 1, as
will be described below.
[0109] Moreover, in order to avoid that the foam core
1 melts beyond what is necessary to accomplish the con-
nection by fusion (this may be referred to as "burn back"),
the gauge or thickness t of each of the skin sheets 3 and
4 as well as the density of the foam core 1 are selected
and matched in an appropriate manner.
[0110] A further step S4 of the method for manufactur-
ing a laminated object is displayed in Figure 7. In the
state displayed in this figure, the skin sheets 3 and 4 have
been drawn towards the foam core 1 to such an extent
that in a region 63 of the upper skin sheet 3 as well as in
a region 64 of the lower skin sheet 4, located between
the foam core 1 and the mid frame 19, the sheets 3 and
4 reach the bar elements 28. In step S4, as indicated in
Figure 7 by arrow P31, the support pins 31 are retracted,
or pulled back, into the bar elements 28.
[0111] Then, in the subsequent step S5, as the vacuum
continues to be applied by the vacuum application de-
vices 10 the upper and lower skin sheets 3 and 4 are
completely drawn towards each other and into contact
with each other, also at the former locations of the support
pins 31. Hence, the skin sheets 3 and 4 are fusion-welded
to each other in a region 66 extending around the entire
perimeter of the foam core 1 and thus of the laminated
object. By fusion welding the skin sheets 3 and 4, be-
tween which the foam core 1 is located, the foam core 1
is tightly enclosed and sealed within the skin 6.

[0112] When the vacuum within the foam core 1 has
been completed and welding along the perimeter of the
foam core 1, in the regions 66, has been accomplished,
in step S6, cooling of the laminated object is started. This
can, for example, be accomplished by appropriate cool-
ing devices 26, in particular by fans which may be con-
trolled in a suitable manner, for example based on their
flow rate and/or rotational speed and/or based on the
time these fans are switched on for cooling. An exemplary
cooling device 26 is illustrated in Fig. 21 in schematic
manner.
[0113] Some control of the cooling process of the skin
sheets 3, 4 is possible by controlling the cooling devices
26. In this manner, a controlled shrinking of the sheet
material from which the skin 6 is made can be brought
about. The composite body forming the laminated object,
comprising the foam body 1 and the skin sheets 3 and
4, thus forms a very resistant pre-stressed structure after
cooling and shrinking of the skin sheets 3, 4.
[0114] The process of the embodiment of Figures 1-8,
just de-scribed, is thus a twin sheet process for manu-
facturing a laminated body comprising a foam core 1,
wherein two skin sheets 3, 4 are each thermoformed onto
the foam core 1, without the use of any external female
tools for deforming the sheets 3, 4. The forming is ac-
complished by the vacuum applied to the interior of the
foam core 1, and by the foam core 1, which defines the
shape to which the heated sheets 3 and 4 are deformed.
Both sides of the foam core 1 are thus laminated essen-
tially simultaneously, and in this process the foam core
1 is completely enclosed and fully sealed within the skin
6 by welding the sheets 3, 4.
[0115] After step S6, in step S7, the frames 15, 19 and
21 as well as the top vertically moving frame 24 support-
ing the vacuum application devices 10 return to their open
initial positions, in such a manner that the laminated ob-
ject, e. g. a pallet or pallet section, can be removed.
[0116] In a subsequent step S8, remaining unneces-
sary portions of the sheets 3 and 4 outside the region
defined by the peripheral region 66 are trimmed. A portion
of the laminated object in a state following trimming is
shown in exemplary manner in Fig. 8A.
[0117] The foam core 1 used in the method just de-
scribed with reference to Figures 1-8A and 19 is a foam
core made from a synthetic material, in this embodiment
from polystyrene foam, in particular from expanded pol-
ystyrene. The foam core 1 is, using an appropriate
shaped-molding device, shaped-molded to a desired
shape from pre-expanded EPS beads, preferably from
beads of a very low pentane grade of expanded polysty-
rene that does not require ageing. The density of the
foam core 1 may be varied according to e.g. the desired
load-carrying capacity or strength. For use in a transport
pallet for repeated use, the foam core 1, which may also
be called EPS core, will preferably be molded to a com-
paratively high density.
[0118] A shape molding machine converts pre-ex-
panded beads into the desired core shape. In order to

21 22 



EP 3 208 066 A1

13

5

10

15

20

25

30

35

40

45

50

55

accomplish a rapid drawing of the skin sheets 3 and 4
onto the surface of the foam core 1, so as to accomplish
a reliable connection of the skins 3 and 4 to the foam
core 1 by melting of the foam core 1 at the surface thereof,
sufficient residual heat within the sheets 3 and 4 should
be present. Therefore, the fusion level of the beads ob-
tained during shape-molding is selected to be smaller
than 100 percent. The notion of fusion level is illustrated
in Figures 9 and 10. In Figure 9, there is full fusion, and
thus a fusion level of 100 percent, as all beads 78 of a
piece of the foam that has been broken along a rupture
line or break 80 have broken within themselves. Figure
10, in contrast, illustrates a case of zero percent fusion.
In Figure 10, all beads remain intact along the break 80.
[0119] The notion of fusion level is again illustrated in
Figure 11, where "A" illustrates 100 percent fusion, "B"
designates a foam structure of approximately 60 percent
fusion, and "C" indicates a structure exhibiting approxi-
mately 80 percent fusion of the beads 78.
[0120] For the embodiment of Figures 1-8A and 19,
the fusion level of the beads obtained during shape mold-
ing is preferably selected between 70 % and 90 %, more
preferably between 75 % and 85 %. In accordance with
a particularly preferred variant, the fusion level of the
foam used for the foam core 1 corresponds to 80 %. This
ensures sufficient structural strength, while also ensuring
sufficient airflow during application of the vacuum by the
vacuum application device 10.
[0121] As indicated, the skin 6 is formed with a ther-
moformable synthetic sheet material, in particular a ther-
moplastic. The structure of the sheet material used for
the skin sheets 3 and 4 in accordance with a particularly
preferred variant of the embodiment of Figs. 1-8A is dis-
played schematically in Figure 16.
[0122] In accordance with the preferred embodiment,
the thermoplastic sheet material used for the skin sheets
3 and 4, to be thermoformed and connected to the foam
core 1 in the process of Figures 1-8, is formed as a sheet
by multiple layer extrusion, and comprises a layered ar-
rangement comprising at least a first layer 85 of virgin
acrylonitrile styrene acrylate (virgin ASA), a second layer
86 made of virgin acrylonitrile butadiene styrene (virgin
ABS), and a third layer 87 made of acrylonitrile styrene
acrylate (ASA) and acrylonitrile butadiene styrene (ABS).
The third layer may comprise approximately 10 percent
by mass of acrylonitrile butadiene styrene, the rest being
acrylonitrile styrene acrylate. However, multiple layer ex-
trusions of various combinations of these thermoplastics
may be useful for performing the method of the present
invention. Other multiple layer extrusions involving other
thermoformable, in particular thermoplastic synthetic
materials may be contemplated for use in the methods
and products of the present invention.
[0123] The first layer 85 forms an outside layer of virgin
ASA and contributes to strength, impact resistance and
UV stability. The first layer 85 may, in an example, have
a thickness that corresponds to approximately 25 % of
the sheet gauge or thickness t. The second layer 86 forms

a middle or intermediate layer and is made of virgin ABS
for increased strength and increased impact resistance.
The third layer 87 forms an underside layer and is made
of ASA with approximately 10 % ABS by mass added to
it, which may be accomplished during the extrusion proc-
ess by trimming a small amount of the edge and feeding
it back into the third layer. In the laminated object, com-
prising skin sheets 3 and 4 having a layered arrangement
as schematically depicted in Figure 16, the layer 87 will
be oriented towards the foam body 1. The thickness t of
the sheet material may be selected according to require-
ments. For example, for producing pool type pallets, a
relatively large thickness t may be preferable.
[0124] Reference will now be made to Figures 12 to
15 and 17 as well as 18. Using the method described
with respect to Figures 1-8A and 19, pallets, especially
transport pallets, for example of the pool type, may be
produced. These could be used, for example, for replac-
ing commonly known and widely used, heavy wooden
pallets, such as the known Euro-pallet, the Düsseldorf
type pallet, or other conventional pallet types.
[0125] In Figures 12-15, some examples of pallets that
may be produced in accordance with embodiments of
the present invention are displayed. Figure 12 shows a
single-sided, 4-way pallet 100 comprising nine feet 101
as well as a plate-shaped section 103. In the example of
Figure 12, the weight of the pallet 100 may be about 5,4
kg, the size of the pallet may be 1200 mm x 800 mm x
150 mm, the static load capacity may be approximately
3000 kg and the dynamic load capacity may be approx-
imately 1000 kg.
[0126] The pallet 100’ of Fig. 13 is a single-sided 4-
way pallet of a size of 1140 mm x 760 mm x 165 mm and
a weight of approx. 7,8 kg, having feet 101’ and a plate-
shaped section 103’. The pallet 100’ may have a static
load capacity of approx. 3000 kg and a dynamic load
capacity of approx. 800 kg. Compared to the pallet 100
of Fig. 12, the pallet 100’ of Fig. 13 is further suitable for
racking.
[0127] Also, double-sided pallets may be produced in
accordance with embodiments of the present invention,
for example the double-sided pallet 100" of Figure 14,
which is also a 4-way pallet. The size may be about 1165
mm x 1165 mm x 150 mm, the weight of the pallet 100"
may be approximately 10 kg, the static load capacity of
the pallet 100" of Figure 14 may be approximately 3000
kg, and the dynamic load capacity of the pallet 100" may
be approximately 1000 kg. The pallet 100" would also be
suitable for racking. The pallet 100" comprises two plate-
shaped, substantially flat sections 103".
[0128] Another double-sided pallet in accordance with
an embodiment of the invention is displayed in Figure
15, in which plate-shaped sections 103"’ have been pro-
vided with a structured surface.
[0129] Each of the pallets 100" and 100"’ comprises
two substantially identical pallet sections 106" and 106"’,
respectively. Corresponding feet 101" and 101"’, respec-
tively, of each of the pallet sections 106", 106"’ are firmly
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joined to each other to form the completed pallet. The
joint is denoted by reference sign 105"’, in Figure 15.
[0130] Figs. 17 and 18 show a production arrangement
200 in accordance with an embodiment of the invention,
and will be used in the following to illustrate a method
according to an embodiment of the invention for produc-
ing pallets comprising a foam core 1 formed from a syn-
thetic foam material and a skin 6 formed from a synthetic
sheet material.
[0131] The production arrangement 200 comprises
two shape-molding devices 204 and two laminating de-
vices 210. Using the shape-molding devices 204, foam
cores 1 are shape-molded in parallel one after another
to the desired core density. The shape-molding is per-
formed as described above starting from pre-expanded
polystyrene beads, to a fusion level of preferably approx-
imately 80 %, for example. The foam cores 1, not shown
in Figures 17 and 18, are then transported to the lami-
nating devices 210 using conveyors 201. Using the lam-
inating devices 210, each of the foam cores 1 produced
is laminated in accordance with the method described
above with reference to Figures 1-8A and 19. Thereby,
from each foam core 1, which is completely sealed within
a skin 6 made from the sheets 3 and 4 as described
above, a laminated pallet section, for example a pallet
section 106" or 106"’, is manufactured. As described
above, in each of these pallet sections, the foam core 1
is covered by and firmly connected to the skin 6. The
laminated pallet sections are then conveyed further to a
trimming station 219 by further conveyors 201. At the
trimming station 219, each of the pallet sections is
trimmed, especially by cutting, along the edge, sheet ma-
terial remaining from the laminating process which is not
necessary anymore. Then, after trimming, further con-
veyors 210 convey the trimmed pallet sections to a weld-
ing station 231, where the bottom faces of corresponding
feet 101" or 101’" of the pallet sections, for example the
bottom faces 101 a" or 101 a"’, as illustrated in Figures
14 and 15, are welded to each other. For this purpose,
the two pallet sections, e.g. 106" or 106"’, may each be
held in appropriate manner in front of heaters 235 until
a suitably chosen temperature setpoint is reached by the
bottom faces 101 a", 101a’" of the feet 101" or 101"’,
respectively. After having been sufficiently heated, the
two pallet sections, e.g. 106" or 106’", are pushed against
each other so that the bottom faces 101 a" or 101 a"’
weld, in the example of Figure 15 in the region of the joint
105"’. This can be accomplished using, for example, suit-
able robots 233, see Figures 22 and 23. Then, the pallet,
e.g. 100" or 100"’, is left to cool for a sufficient time so
that material in the region of the weld can solidify to es-
tablish a firm connection.
[0132] Accordingly, double-sided pallets 100" or 100"’
comprising two twin sheet laminated pallet sections
106" or 106"’, are manufactured.
[0133] Regarding the materials used for the foam core
1 and for the skin 6, made from skin sheets 3 and 4, of
the pallets 100, 100’, 100", 100"’ or of the pallet sections

106", 106’", reference is made to the explanations pro-
vided above with regard to Figures 1-8, 8A, 9-11, 16 and
19.
[0134] Using the production arrangement 200 dis-
played in Figures 17 and 18, single-sided twin sheet pal-
lets, e.g. of the type illustrated in Figs. 12 and 13, may
be produced as well. In this case, the step of welding
pallet sections to each other is omitted. Further, in this
case, each pallet, e.g. 100, 100’, is a laminated body
made in accordance with the method as described with
reference to Figures 1-8A, 16 and 19, comprising one
foam core 1 sealed within and connected to the skin 6.
[0135] As has been illustrated with reference to Figures
1-8, the upper skin sheet 3 is pierced by the vacuum
application devices 10. This is done in such a manner,
in accordance with the embodiment, that the piercing of
the skin 6 and foam core 1 takes place only in the region
of the bottom faces 101 a, 101 a’, 101 a" or 101 a’" of
the feet 101, 101’, 101", 101"’, the feet 101, 101’, 101",
101"’ being formed by the legs 91 of the foam core 1 over
which the skin 6 has been thermoformed, as described
above.
[0136] Therefore, the needles 11 leave only small ap-
ertures in the upper skin sheet 3 during the piercing step.
When the two pallet sections, e.g. 106" or 106"’, are weld-
ed to each other, the apertures 55, see Figures 7 and 8,
are sealed. After sealing the apertures 55 in the bottom
faces of the feet 101 ", 101’" in this manner, a light vacuum
is permanently preserved within the foam core 1 of each
of the pallet sections 106", 106"’ of the finished pallet
100", 100"’. Such a vacuum has the benefit that it further
improves the insulation properties of the pallet. There-
fore, such a pallet is very well suitable for applications
requiring cooling of the goods and the pallet, as such a
pallet may, for example, only require approx. 30 % of the
energy needed to cool a wooden pallet to a cool room
temperature.
[0137] In the case of single-sides pallets 100, 100’,
such as displayed in Figures 12 and 13, the apertures
55 may, for example, remain unsealed.
[0138] During production of the foam cores 1, for ex-
ample by the shape-molding devices 204, a radio fre-
quency identification transponder 99 (RFID transponder)
may be integrated into the foam core 1, in particular when
the foam core 1 is molded. After laminating, trimming
and, as the case may be, welding, the finished pallet 100,
100’, 100" or 100"’, for example, may thus comprise an
integrated RFID transponder 99, by which the pallet can
be easily tracked. This contributes to the versatility of the
pallets in accordance with the embodiments of the
present invention. An RFID transponder 99 integrated
into the foam core 1 is schematically illustrated in Fig. 1.
[0139] Moreover, the skin 6 of the pallets 100, 100’,
100" or 100’" can be customized in accordance with spe-
cial design solutions, for example by choosing an appro-
priate color, logo, as well as labelling by printing or by
relief. Therefore, the pallets in accordance with embod-
iments of the present invention can be equipped in a sim-

25 26 



EP 3 208 066 A1

15

5

10

15

20

25

30

35

40

45

50

55

ple manner as a finished display for retail.
[0140] Reference is now made to Figure 20. This figure
illustrates a method for producing pallets, which may be
single- or double-sided, according to a further embodi-
ment of the invention.
[0141] Initially, in step S0’, the density of a foam core
1, the thickness and composition of the sheet material
for providing skin sheets 3 and 4, constituting the skin 6
after thermoforming and welding, are selected or appro-
priately varied so as to reach target values selected.
[0142] Then, in step S1’, a foam core 1 or foam cores
1 having the density chosen in step S0’ are shaped-mold-
ed in accordance with the description given above with
reference to Figs. 17 and 18. Thereafter, in step S2’, the
foam core 1 or the foam cores 1 each are laminated ac-
cording to the settings chosen in step S0’, with the ap-
propriate, selected skin 6. If necessary, it is also conceiv-
able to laminate each of two foam cores 1 provided for
two pallet sections in a different manner, based on cor-
responding settings for each pallet section, selected in
step S0’. The laminating step is accomplished in accord-
ance with the description provided above in relation to
Figs. 1-11 and 16-19.
[0143] Thereafter, in step S3’, the obtained laminated
object or the obtained laminated objects, being pallets,
e.g. 100 or 100’, or pallet sections, e.g. 106" or 106"’, are
suitably trimmed, as already mentioned above with re-
spect to Figures 17 and 18. In case several pallet sections
have been produced, especially in parallel or simultane-
ously, these pallet sections are welded to each other, as
described above, in step S4’.
[0144] During the ongoing production of consecutive
pallets or pallet sections, the density of the foam cores
1 to be produced, the thickness of the sheet material
used to provide the skin sheets 3 and 4, and/or the com-
position of this sheet material are varied, for example by
selecting for each pallet to be produced, or for a number
of consecutive pallets, the foam core density, the skin
composition and/or the skin thickness.
[0145] This results in a versatile production process.
A range of pallets of different specification can be pro-
duced from a single core design and using one type of
molding tool. This is achieved by varying the foam core
density and/or the skin sheet composition and/or the skin
sheet thickness as required for the desired weight and
strength of the pallet to be produced. For example, core
density and skin thickness could be varied while the skin
composition is kept constant, i.e. maintained the same
for all pallets. Varying these parameters is done on the
fly, and thus without stopping the production line. There-
fore, the properties of the pallets to be produced can be
finely adjusted in a large number of steps, between e.g.
a lightweight airfreight pallet, for example having a weight
of about 3,1 kg when empty, up to a superproof pallet for
heavy duty, having a greater empty weight of approxi-
mately 12 kg.
[0146] The pallets produced in accordance with the
embodiments of the invention described above therefore

are a durable and hence well re-usable, lightweight, en-
vironmentally friendly, hygienic, safe and cost-effective
alternative to conventional wooden pallets.
[0147] The use of the expanded polystyrene foam core
1 and the thermoformable skin 6, in particular the highly
performant skin 6 described in connection with Figure
16, result in a high-performance and extra-light plastic
pallet. The handling and transportation of such pallets in
accordance with the embodiments of the invention are
much improved. Fuel for transportation can be saved,
whereby transportation costs are reduced and the envi-
ronmental impact is reduced as well, for example due to
reduced carbon dioxide emissions as a consequence of
the reduced pallet weight. Lighter pallets also mean a
reduction in the materials used for producing them, and
less energy required for the processing of such material.
During transport, less weight results in a logistic cost re-
duction. Also, the lumber consumption is reduced.
[0148] The light weight plastic pallets in accordance
with the embodiments of the present invention are further
moisture-proof, shock absorbent, safe, washable and
versatile. They are also hygienic, in particular because
the pallets of the invention are inherently immune to in-
festation, do not require any costly heat treatment or
chemical fumigation, and can be cleaned in a simple
manner with standard systems suchs as a pressure
washer or steam cleaner, and can also be sterilized in
inexpensive manner. Common and inexpensive cleaning
agents can be used. Rusting and rotting of pallet mate-
rials is avoided. The safety of the pallets is also increased
based on their smooth outer surface, provided by the skin
6, so that there is no danger of injury from any splinters
of wood or nails. Absorption of water by the pallets ac-
cording to the embodiments of the present invention is
avoided by the foam core 1 being fully sealed inside the
skin 6.
[0149] The combination of the expanded polystyrene
foam core 1 with the advantageous material used for the
skin sheets 3 and 4, as described above with reference
to Figure 16, results in a shock absorbent pallet. There-
fore, goods transported using such a pallet arrive at their
destination without being damaged, which makes the pal-
let particularly useful also for high-value products.
[0150] Further, the pallets’ insulating properties, en-
hanced by the use of the EPS core 1 and the vacuum
inside the foam core 1, are particularly advantageous for
temperature-sensitive goods such as cold chain cargo
or pharmaceuticals.
[0151] The pallets in accordance with the embodi-
ments of the present invention are also suitable for a
large temperature range, in particular for a range be-
tween about - 40 degrees Celsius and about + 80 degrees
Celsius.
[0152] The pallets produced in accordance with the
embodiments of the present invention, described above,
can also be fully recycled in a very advantageous man-
ner. In a first stage of a recycling process conceivable
for the pallets in accordance with the embodiments of
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the invention, the pallet is shredded, whereby the pallet
is broken into small pieces and the expanded polystyrene
foam is removed from the skin. The EPS and the com-
bination of ABS and ASA contained in the co-mingled
material can then be separated from each other by a
density separation process, resulting in a stream of EPS
and a stream of ABS/ASA. The material streams can be
re-used in a wide variety of applications. For example,
the ABS/ASA granulate could be used in the injection
molding industry and/or, after an extrusion process, for
skins, e.g. for pallets, again. Moreover, the recovered
expanded polystyrene can be used for molding beads,
loose fill, recycled resins and many other applications.
[0153] Although the present invention has been com-
pletely described above with reference to preferred em-
bodiments, the invention is not limited to these embodi-
ments, but may be modified in many ways.
[0154] In particular, the shapes and sizes of pallets
manufactured in accordance with the present invention
may vary according to requirements. Even though it may
be preferable to select the lengths, widths and heights
of the pallets in accordance with sizes of conventional
pallets that are currently in use, selecting other sizes may
be contemplated. Further, even though generally rectan-
gular pallets may be advantageous, other pallet shapes
are conceivable. The number and shape of feet of the
pallets or pallet sections might also be varied according
to requirements, but the feet number and shapes are
preferred to enable the pallets to be manipulated using
standard equipment.

List of reference signs

[0155]

1 foam core
1a first face (foam core)
1 b second face (foam core)
2 space
3 upper skin sheet
3a section (skin)
4 lower skin sheet
6 skin
10 vacuum application device
11 needle
12 front portion (needle)
15 bottom clamp frame
19 mid frame
19a-19d section (mid frame)
21 top clamp frame
24 top vertically moving frame
26 cooling device
28 bar element
31 support pin
33 supporting arrangement
35 needle surrounding component
36 sealing face
41 top heating device

42 bottom heating device
43 heating arrangement
45 vent
46 outflow, in particular outflow of air
55 aperture
63 region
64 region
66 region
78 bead
80 break
85 first layer (thermoformable sheet material)
86 second layer (thermoformable sheet materi-

al)
87 third layer (thermoformable sheet material)
91 leg (foam core)
99 RFID transponder

100 pallet
100’ pallet
100" pallet
100"’ pallet
101 foot
101’ foot
101" foot
101’" foot
101a bottom face (foot)
101a’ bottom face (foot)
101a" bottom face (foot)
101a’" bottom face (foot)
103 plate-shaped section
103’ plate-shaped section
103" plate-shaped section
103"’ plate-shaped section
105’" joint
106" pallet section
106’" pallet section

200 production arrangement
201 conveyor
204 shape-molding device
210 laminating device
219 trimming station
231 welding station
H horizontal direction
V vertical direction
t thickness (skin)

P28 arrow
P31 arrow
P41 arrow
P42 arrow

S0 preparation step
S1 heating step
S2 piercing step
S3 vacuum application and thermoforming step
S4 support pin retraction step
S5 skin sheet welding step
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S6 cooling step
S7 removal step
S8 trimming step

S0’ selection step
S1’ foam core molding step
S2’ laminating step
S3’ section welding step
S4’ step

Claims

1. Method for manufacturing a laminated object (100;
100’; 106"; 106"’), comprising steps of:

- providing a foam core (1) and a skin (6) and
arranging the foam core (1) and the skin (6) rel-
ative to each other;
- heating the skin (6);
- piercing the skin (6) by a vacuum application
device (10); and
- applying vacuum via the vacuum application
device (10) so as to remove a gaseous medium,
in particular air, from within the foam core (1)
and from a space or spaces (2) between the
foam core (1) and the skin (6), in order to draw
the skin (6) towards the foam core (1).

2. Method according to claim 1, characterized in that,
before the vacuum is applied, a portion (12) of the
vacuum application device (10) is caused to pene-
trate through the skin (6) into the foam core (1) in
the piercing step.

3. Method according to claim 1 or 2, characterized in
that the vacuum application device (10) comprises
a hollow needle (11), in particular a hypodermic nee-
dle (11), by which the skin (6) is pierced in the pierc-
ing step.

4. Method according to at least one of the preceding
claims, characterized in that in the step of piercing
the skin (6), a section (3a) of the skin (6) is pressed
against the foam core (1) by a sealing face (36) sur-
rounding the vacuum application device (10).

5. Method according to at least one of the preceding
claims, characterized in that an aperture (55) or
apertures (55) created in the skin (6) during the pierc-
ing step is or are sealed after withdrawing the vac-
uum application device (10) or the vacuum applica-
tion devices (10), the sealing step being performed
in particular in such a manner that a vacuum is per-
manently preserved within the foam core (1) of the
finished laminated object (100; 100’; 106"; 106’").

6. Method according to at least one of the preceding

claims, characterized in that the method includes
thermoforming the skin (6) by conforming the heated
skin (6) at least in regions to the foam core (1), using
the vacuum that is applied via the vacuum applica-
tion device (10).

7. Method according to at least one of the preceding
claims, characterized in that in the step of applying
the vacuum, the heated skin (6) is drawn onto the
foam core (1) so as to contact the surface of the foam
core (1), and in that the skin (6) is connected to the
foam core (1) by fusion, in particular by fusion of the
foam core (1) in the region of the surface thereof.

8. Method according to at least one of the preceding
claims, characterized in that the step of providing
the skin (6) comprises providing at least two skin
sheets (3, 4), that the arranging step comprises ar-
ranging the foam core (1) between the skin sheets
(3, 4), and that the step of piercing the skin (6) com-
prises piercing at least one (3) of the skin sheets (3,
4) by the vacuum application device (10).

9. Method according to at least one of the preceding
claims, characterized in that the foam core (1) is
formed with a synthetic material, in particular with a
polystyrene foam, the foam core (1) preferably being
formed with expanded polystyrene, and/or in that
the skin (6) is formed with a thermoformable synthet-
ic material, in particular a thermoplastic synthetic
material.

10. Method according to at least one of the preceding
claims, characterized in that the foam core (1) is
shape-molded from pre-expanded beads (78),
wherein the fusion level of the beads (78) obtained
during shape-molding is smaller than 100 percent,
preferably is between 70 percent and 90 percent,
more preferably is between 75 percent and 85 per-
cent, even more preferably corresponds to substan-
tially 80 percent.

11. Method according to at least one of the preceding
claims, characterized in that the method is a meth-
od for manufacturing a pallet (100; 100’) or a pallet
section (106"; 106"’), in particular a twin sheet pallet
(100; 100’) or a twin sheet pallet section (106"; 106"’).

12. Manufacturing device (210) for manufacturing a lam-
inated object (100; 100’; 106"; 106’"), in particular by
performing the method according to at least one of
the preceding claims, the manufacturing device
comprising:

a supporting arrangement (33) adapted to sup-
port a foam core (1) and hold the foam core (1)
and portions of a skin (6) in a predefined position
relative to each other;
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a heating arrangement (43) for heating the skin
(6); and
a vacuum application device (10) adapted to
pierce the skin (6) and adapted for removing a
gaseous medium, in particular air, from within
the foam core (1) and from a space or spaces
(2) between the foam core (1) and the skin (6)
via the vacuum application device (10).

13. Manufacturing device according to claim 12, char-
acterized in that the supporting arrangement (33)
is constructed such that the portions of the skin (6)
and portions of the supporting arrangement (33) in
cooperation can temporarily form an enclosure
around the foam core (1) that is sealed with the ex-
ception of at least one vent (45) provided in the sup-
porting arrangement (33), the at least one vent (45)
being configured to allow outflow (46) of a gaseous
medium, in particular air, from the interior of the en-
closure.

14. Laminated object (100; 100’; 106"; 106’"), in partic-
ular a pallet or pallet section, comprising a foam core
(1) and a skin (6), wherein the foam core (1) is formed
from a synthetic material and the skin (6) is formed
from a synthetic material, wherein the skin (6) is ther-
moformed around the foam core (1) so as to seal the
foam core (1) within the skin (6) such that an at least
partial vacuum is preserved within the space occu-
pied by the foam core (1) and enclosed by the skin
(6).

15. Laminated object (100; 100’; 106"; 106’"), in partic-
ular a pallet or pallet section, comprising a foam core
(1) and a skin (6), wherein the laminated object (100;
100’; 106"; 106"’) is manufactured by a method as
claimed in at least one of claims 1 to 11.

16. Method for producing pallets (100; 100’; 100"; 100"’)
comprising at least one foam core (1) formed from
a synthetic foam material and a skin (6) formed from
a synthetic sheet material, using a production ar-
rangement (200) comprising at least one shape-
molding device (204) and at least one laminating de-
vice (210), the method comprising:

- shape-molding foam cores (1) one after anoth-
er using the shape-molding device (204), and
subsequently laminating the sheet material to
each foam core (1) so as to provide a laminated
pallet (100; 100’) or laminated pallet section
(106"; 106"’) in which the foam core (1) is cov-
ered by and connected to the skin (6); and
- during ongoing production of consecutive pal-
lets (100; 100’; 100"; 100"’) or pallet sections
(106"; 106’"), varying the density of the foam
core (1) and/or varying the thickness (t) of the
sheet material used to provide the skin (6) and/or

varying the composition of the sheet material,
and thereby producing pallets (100; 100’; 100";
100"’) or pallet sections (106"; 106"’) differing in
core density and/or in skin thickness and/or in
skin composition.

17. Method for producing pallets according to claim 16,
characterized in that the laminating step is carried
out by performing the method according to at least
one of claims 1 to 11, wherein the laminated object
(100; 100’; 106"; 106’") is the laminated pallet (100;
100’) or laminated pallet section (106"; 106"’).

18. Pallet (100; 100’; 100"; 100"’) comprising
a foam core (1) formed from a synthetic foam mate-
rial, and
a skin (6) formed from a synthetic sheet material,
wherein the skin (6) is connected to the foam core
(1) at the surface thereof by fusion.

19. Pallet according to claim 18, characterized in that
the foam core (1) is formed with a polystyrene foam,
in particular with expanded polystyrene.

20. Pallet (100; 100’; 100"; 100"’) comprising
a foam core (1) formed from polystyrene foam, in
particular from expanded polystyrene, and
a thermoformed skin (6) formed from a synthetic ma-
terial and connected to the foam core (1).

21. Pallet according to at least one of claims 18 to 20,
characterized in that the skin (6) comprises at least
one layer (86, 87) which comprises acrylonitrile buta-
diene styrene and/or in that the skin comprises at
least one layer (85, 87) which comprises acrylonitrile
styrene acrylate.

22. Pallet (100; 100’; 100"; 100’") comprising at least one
foam core (1) and a skin (6) formed from a thermo-
formable sheet material, the pallet in particular being
manufactured using a method according to at least
one of claims 1 to 11, wherein the thermoformable
sheet material comprises at least one layer (86, 87)
comprising acrylonitrile butadiene styrene.

23. Pallet according to claim 22, characterized in that
the thermoformable sheet material comprises at
least one layer (85, 87) comprising acrylonitrile sty-
rene acrylate.

24. Pallet according to claim 23, characterized in that
the thermoformable sheet material comprises a lay-
ered arrangement including a first layer (85) corre-
sponding to the layer comprising acrylonitrile styrene
acrylate, a second layer (86) corresponding to the
layer comprising acrylonitrile butadiene styrene, and
a third layer (87) comprising acrylonitrile styrene acr-
ylate and acrylonitrile butadiene styrene, and pref-
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erably in that the second layer (86) is arranged be-
tween the first layer (85) and the third layer (87) and
the third layer (87) faces the foam core (1).
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